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$F(X)\approx\overline{F}(X)$ , $\nabla F(X)\approx\overline{\nabla F}(X)$
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$X\in R^{N}$ F(X) (
) , $\overline{F}(X)$ $X$ $\nabla\overline{F}(X)(\overline{\nabla F}(X)$
) Hesse $\nabla^{2}\overline{F}(X)$
“ ” 2,6,8,9,11,12.
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$\frac{\partial\overline{F}}{\partial x_{i}}\approx(\overline{F}(x+h;e;)-\overline{F}(x))/h;$ , $i=1,$ $\ldots,N$,
( , $e$ ; $i$ ) , $\nabla\overline{F}(X)$
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([10] , 2 );
4. ( ) ’ $\phi(x)$ ;
5. – , ( )
.
$x_{i}=(x_{i}^{1}, x_{i}^{2})(i=1, \ldots, n)$ , ,
:
$F(x_{1}, \ldots, x_{n})=\frac{1}{2}\int\min_{i}\{||x-x_{i}||^{2}\}\phi(x)dx$ . (1)
, $X=(x_{1},\ldots,x_{n})$ , Voronoi ([7] )
, (1) $\min$ Voronoi ,
(1)
$F(x_{1}, \ldots, x_{n})=\frac{1}{2}\sum_{i=1}^{n}\int_{V_{j}}||x-x;||^{2}\phi(x)dx$ (2)
10 $N$ , $n$ 2
$\sigma y$ $F_{\sim}^{\wedge}$ , $N=2n$ . $N$ $F(X)$
$\vee C$ $\sigma$) $\{bP_{\circ}7$ . , $F$ , Voronoi
,x‘F\mbox{\boldmath $\theta$}‘ 6 $\phi\backslash$ , $ff$ $\iota_{}^{\wedge}$ Voronoi
, $8^{f_{j}}$ (ffi 100 ) Voronoi
$ffl$ $\backslash )$ ec $t_{J\cdot\supset \text{ }A^{a}\text{ ^{}14}}$ .
3
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(2) 1 $\nabla F$ 2 $\nabla^{2}F$ , ,
10. . [10] ,
\mbox{\boldmath $\lambda$} $x_{i}^{\lambda}(\lambda=1,2)$ . , $g_{\lambda\kappa}$ , Einstein
.
, $x_{i}^{\lambda}$ ( ) ,





. 2 , (i) , (ii)Voronoi Pi, $P_{j}$
(i, , (iii) ( $W_{ij}$
Voronoi $\Phi$): .
$\frac{\partial^{2}F}{\partial x_{i^{\hslash}}\partial x_{j^{\lambda}}}=\{\begin{array}{l}H_{\lambda\kappa}^{|}+G_{\lambda\kappa}^{|}forj=iG_{\lambda\kappa}^{ji}forj\neq iwithW_{ij}\neq\emptyset 0forj\neq iwithW_{ij}=\emptyset\end{array}$ (5)
, $P_{i}$ $\alpha_{ij}(=||x;-x_{j}||)$ ,
$H_{\lambda\kappa}^{i}=\mu(V_{i})\cdot g_{\lambda\kappa}$ ,




$K_{\lambda\kappa}^{kji}= \frac{\mu(W_{ij})}{\alpha_{ij}}g_{\lambda\nu}g_{\kappa\tau}[x_{i^{f}}\cdot x_{k^{\nu}}-x;^{f}\cdot\overline{x}_{ij^{\nu}}-\overline{x}_{ij^{f}}\cdot x_{k^{\nu}}+\overline{xx}_{ij^{\tau\nu}}]$.
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. Voronoi 2 ( , ) ,
Voronoi , 7 ( [H]
)3 , 1 ( , ) , Gauss
.
, $F$ $\nabla F$ , [H]
, , $\overline{F},$ $\overline{\nabla F}$ . Hesse $\nabla^{2}F$ , ,
( (7)). , [Hl, 2$F_{T}$ ,
, $\overline{\nabla^{2}F}_{G}$ .
$(\overline{F},\overline{\nabla F},\overline{\nabla^{2}F}_{T})$ $(\overline{F},\overline{\nabla F},\overline{\nabla^{2}F}_{G})$ \S 2 . , $F$ ,
$\nabla F,$ $\nabla^{2}F$ . , $\overline{\nabla^{2}F}_{T},$ $\overline{\nabla^{2}F}_{G}$ ,
, .
, , $\overline{F}$ $D_{FAD}\equiv(\overline{F},\nabla\overline{F},\nabla^{2}\overline{F})$
.
, 7 2FT $\overline{\nabla^{2}F}_{T7}$ , 2, 4
2 $F_{G}$ , , $\overline{\nabla^{2}F}_{G2},$ $\overline{\nabla^{2}F}_{G4}$ . , 3
$D_{T7}\equiv(\overline{F},\overline{\nabla F},\overline{\nabla^{2}F}_{T7}),$ $D_{G2}\equiv(\overline{F},\overline{\nabla F},\overline{\nabla^{2}F}_{G2}),$ $D_{G4}\equiv(\overline{F},\overline{\nabla F},\overline{\nabla^{2}F}_{G4})$ .
52.
, $n=30$ , $[-0.15,0.15]\cross[-0.15,0.15]$
. , 60 . , $\phi(x)=$
$e^{-100||x||^{2}}$ . .
Voronoi Voronoi214 PADRE213
. , SUN4-65 ,
.
( , ) , ( )




$||\nabla\overline{F}||_{N}$ \check C, $||\nabla\overline{F}||_{N}\leq 1$ .
, .
. , ,
$\overline{\nabla F}$ , $\overline{\nabla F}$
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3(a) $\nabla\overline{F}$ 2 .









Voronoi 1 . DFAD , $\overline{F}$ $F$ pt( –
) ( 5 F $\overline{F}$ pt
). \S 5.1 4 , ,
$\overline{F}$
$\overline{F}_{opt}$ 2 . 8 ,
. , 2 $||\nabla\overline{F}||_{2},$ $||\overline{\nabla F}||_{2}$ 3
. , $\nabla\overline{F}$ ( 2–F ) , $\overline{\nabla F}$
( ) 4 .
5.4.
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. , , . ,
$D_{T7},$ $D_{G2}$ ,
, 1 ( $3(b),4(b)$ ). ,
, DFAD $\overline{F}_{opt}$
( 2). F $\overline{F}_{opt}$ ( $=$ ) ,
$\overline{F}$ ,
. , $\overline{F},$ $\overline{\nabla F},$ $\overline{\nabla^{2}F}$ . $D_{G4}$
, 2 . ,
$D_{T7},$ $D_{G2}$ , $\overline{\nabla F}$ $0$
. , ,
. , DFAD
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[10], [15] . , , Hesse
, (1) , (2) ( (5) $G_{\lambda\kappa}^{1}$ \ $G_{\lambda\kappa}^{ji}$ )
( ) , (3) .
, (2) 10 , (3)
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